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Abstract 

Objective: Duchenne muscular dystrophy (DMD) is trie most common form of muscular dystrophy in children, 
and children with DMD die prematurely because of respiratory failure. We sought to determine the efficacy 
and safety of yoga breathing exercises, as well as the effects of those exercises on respiratory function, in such 
children. Methods: This was a prospective open-label study of patients with a confirmed diagnosis of DMD, 
recruited from among those followed at the neurology outpatient clinic of a university hospital in the city of 
Sao Paulo, Brazil. Participants were taught how to perform hatha yoga breathing exercises and were instructed 
to perform the exercises three times a day for 10 months. Results: Of the 76 patients who entered the study, 
35 dropped out and 15 were unable to perform the breathing exercises, 26 having therefore completed the 
study (mean age, 9.5 ± 2.3 years; body mass index, 1 8.2 ± 3.8 kg/m 2 ). The yoga breathing exercises resulted in 
a significant increase in FVC (% of predicted: 82.3 + 18.6°/o at baseline vs. 90.3 + 22.5% at 10 months later; 
p = 0.02) and FEV, (% of predicted: 83.8 + 16.6% at baseline vs. 90.1 ± 17.4% at 10 months later; p = 0.04). 
Conclusions: Yoga breathing exercises can improve pulmonary function in patients with DMD. 
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Resumo 

Objetivo: A distrofia muscular de Duchenne (DMD) e a forma mais comum de distrofia muscular em criancas, 
e criancas com DMD morrem prematuramente por causa de insuficiencia respiratoria. Analisamos a eficacia e 
seguranca de exerdcios respiratorios de ioga nessas criancas, bem como os efeitos desses exerdcios em sua 
funcao respiratoria. Metodos: Estudo prospectivo aberto envolvendo pacientes com diagnostico confirmado de 
DMD recrutados no ambulatorio de neurologia de um hospital universitario em Sao Paulo (SP). Os participantes 
aprenderam exercicios respiratorios de hatha ioga e foram instruidos a pratica-los tres vezes ao dia durante 10 
meses. Resultados: Dos 76 pacientes incluidos no estudo, 35 o abandonaram e 15 nao conseguiram realizar 
os exercicios respiratorios, de modo que 26 pacientes completaram o estudo (media de idade: 9,5 ± 2,3 anos; 
indice de massa corporal: 18,2 + 3,8 kg/m 2 ). Os exercicios respiratorios de ioga resultaram em um aumento 
significativo da CVF em porcentagem do previsto (82,3 + 18,6% antes do inicio do programa de exercicios vs. 
90,3 + 22,5% 10 meses depois; p = 0,02) e do VEF, em porcentagem do previsto (83,8 ± 1 6,6% antes do inicio 
do programa de exercicios vs. 90,1 + 17,4% 10 meses depois; p = 0,04). Conclusoes: Os exerdcios respiratorios 
de ioga podem melhorar a funcao pulmonar de pacientes com DMD. 

Descritores: Terapia respiratoria; Volume expiratorio forcado; Capacidade vital; Distrofia muscular de 
Duchenne; Terapias complementares. 
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Introduction 

Duchenne muscular dystrophy (DMD) is the 
most common form of muscular dystrophy in 
children, occurring in 1 of every 3,000-3,500 male 
births. 11,21 There is evidence that corticosteroid 
therapy has beneficial effects on the health and 
quality of life of patients with DMD and can 
decrease the requirement for nocturnal ventilation 
in such patients. 13 ' As a result of dystrophin 
deficiency, patients with DMD (including those 
who receive optimal treatment) experience a 
progressive loss of muscle fiber that eventually 
affects the respiratory muscles. 121 The resulting 
respiratory failure is the most common cause 
of premature death in patients with DMD. 11 ' 4-61 

Respiratory muscles are progressively 
compromised in children with DMD, the expiratory 
muscles being the most commonly affected. ,7) Even 
short periods of physical inactivity can contribute 
to muscle weakness and reduced respiratory 
capacity. 18-101 There is evidence that breathing 
exercises can improve respiratory function in 
patients with DMD. 111121 Hatha yoga is a broad 
philosophy that encompasses a series of breathing 
exercises aimed at improving the health of its 
practitioners. The objective of the present study 
was to determine whether a 10-month program 
of yoga breathing exercises that recruit inspiratory 
and expiratory muscles is safe for children with 
DMD and can improve their respiratory function. 

Methods 

The study sample consisted of consecutive 
patients treated at the neurology outpatient clinic 
of a university hospital in the city of Sao Paulo, 
Brazil. The inclusion criteria were as follows: 
having been diagnosed with DMD (as confirmed 
by molecular assessment of the skeletal muscle); 
being in the 6-14 year age bracket; and using 
corticosteroids regularly for at least 3 months. 
Severely ill children who were unable to perform 
the breathing exercises were excluded from the 
study. The study protocol was approved by the 
local research ethics committee, and the parents 
or legal guardians of all participants gave written 
informed consent. 

The present study was conducted over a 
10-month period, with clinical evaluations 
being performed in the morning at study entry 
(baseline) and at study termination. During the 
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study period, the patients returned for clinical 
evaluations at regular intervals (of 1-2 months). 

All children were individually taught how to 
perform the breathing exercises while sitting in 
a quiet room, practicing each exercise until they 
were able to perform it without supervision. The 
children were taught a new exercise at each 
clinical evaluation. The first breathing exercise 
that they were taught was kapalabhati, consisting 
of nasal exhalations produced by fast, vigorous 
contraction of the abdominal and pelvic muscles, 
followed by passive inhalations produced by 
relaxation of the recruited muscles. At 3 months 
after study entry, the children were taught another 
breathing exercise, which is known as uddiyana 
and consists of apnea after forced expiration, 
followed by thoracic expansion (achieved without 
inhalation) and voluntary glottic closure. At 6 
months after study entry, the children were taught 
yet another breathing exercise, which is known 
as agnisara and consists of maximal contraction 
followed by abdominal projection during apnea 
after forced expiration. The participants were 
instructed to perform this sequence of exercises 
three times a day, every day, as follows: three 
series of 120 repetitions for kapalabhati; three 
10-s repetitions for uddiyana; and three series 
of five movements for agnisara. Caregivers kept 
a diary, in which they marked an "x" every time 
the children performed the home exercises. The 
diaries were returned to the researchers on a 
monthly basis. We included only those children 
whose adherence to the exercise program was 
at least 75%. 

Spirometry was performed with a dry bellows 
spirometer (Koko Spirometer; PDS Instrumentation, 
Inc., Louisville, CO, USA) in accordance with the 
American Thoracic Society/European Respiratory 
Society Task Eorce standards for lung function 
testing. 1131 We measured ¥F\f ] and EVC, predicted 
normal values being determined by the use of 
validated equations. 1141 We measured MEP and 
M1P at the mouth using a portable spirometer 
(microQuark; Cosmed, Rome, Italy) under static 
conditions, in accordance with a validated 
method. 1151 We measured MEP at TEC and M1P 
at functional residual capacity, the highest of 
three valid measurements being recorded. Before 
these measurements were obtained, patients were 
allowed to make at least three attempts. The 
results are expressed as relative values (percentages 
of the predicted values for age). 
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Normality was tested with the Kolmogorov- 
Smirnov test. The Student's t-test for repeated 
measures (baseline vs. 10 months after study 
entry) was used in order to evaluate the effects 
of the intervention on all physiological variables. 
The level of significance was set at p < 0.05. 
The results were analyzed with the Statistical 
Package for the Social Sciences, version 1 6.0 
(SPSS Inc., Chicago, 1L, USA). 

Results 

A total of 86 patients with a confirmed 
diagnosis of DMD were initially considered for 
inclusion. Of those, 10 were ineligible because they 
were not receiving corticosteroids. Therefore, 76 
patients entered the study. Of those, 35 dropped 
out and 1 5 were unable to perform the exercises, 
being therefore excluded from the study. Many 
of the patients who dropped out lived in cities 
that are far from where the present study was 
conducted and were therefore unable to attend 
the scheduled clinical evaluations (Figure 1). 
The demographic characteristics and pulmonary 
function test results of the 76 patients who 
entered the study are presented in Table 1. 

There were no significant differences between 
MEP at baseline and MEP at 10 months after 
study entry (63.9 ± 27.6% of predicted vs. 66.8 
± 27.6% of predicted; p > 0.05) or between M1P 
at baseline and MIP at 10 months after study 
entry (41.4 + 13.7% of predicted vs. 43.7 + 
12.8% of predicted; p > 0.05). However, FVC 
at baseline was significantly lower than FVC at 
10 months after study entry (82.3 ± 18.6% of 
predicted vs. 90.3 + 22.5% of predicted; p = 
0.02; Figure 2). Likewise, FEV, at baseline was 
significantly lower than FEV, at 10 months after 
study entry (83.8 ± 1 6.6% of predicted vs. 90.1 
± 17.4% of predicted; p = 0.04; Figure 3). 



Discussion 

The present study evaluated children with 
DMD receiving optimal medical therapy with 
corticosteroids. In children with DMD, respiratory 
function is expected to deteriorate over time, at 
a rate of 5% per year.' 71 The novel findings of 
the present study include the fact that a large 

Table 1 - Demographic characteristics and pulmonary 
function test results of the Duchenne muscular dystrophy 
patients studied. 3 



Variable 



Patients 



(n = 26) 



Demographic data 

Age, years 9.5 ± 2.2 

Weight, kg 31.6 ±11.4 

Height, cm 130.3+13+8 

Body mass index, kg/m 2 1 8.2 ± 3.8 

Pulmonary function test results 

FVC, o/o of predicted 82.9 ± 1 6.8 

FEV,, % of predicted 84.3 ± 1 6.0 

MEP, % of predicted 63.9 + 27.6 

MIP, % of predicted 41.4 ± 13.7 



"Data expressed as mean + SD. 
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Figure 2 - FVC (°/o of predicted) at baseline and 
at 10 months after study entry. Note that FVC was 
significantly higher at 10 months after study entry. 
Rhomboids represent mean ± SD. 



Patients Evaluated 
n = 86 



Excluded 



Patients included 
n = 76 



Excluded 



Completed the Study 
n = 26 



Started Corticosteroid 
Therapy During the Protocol 
n = 10 



Could not Follow Agenda 
n = 35 

Did not Learn the Exercises 
n = 15 



Figure 1 - Flowchart of the study. 
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Figure 3 - FEV! (°/o of predicted) at baseline and 
at 10 months after study entry. Note that FEV, was 
significantly higher at 10 months after study entry. 
Rhomboids represent mean ± SD. 
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proportion of patients with DMD (82.6%) were 
able to learn how to perform yoga breathing 
exercises and the fact that pulmonary function 
can improve over a 10-month period, as evidenced 
by significant improvements in FEV, and FVC. 

Over the course of DMD, absolute values 
of lung capacity initially increase, then reach a 
plateau, and finally decrease. In contrast, relative 
values (proportional to the values predicted for 
age and gender) of all pulmonary function 
variables show a constant decline after the 
age of 5 years." 216 ' 171 For instance, respiratory 
capacity decreases by approximately 5°/o per 
year." 21 Because DMD is a relatively rare and 
progressive disease with an expected survival of 
16-19 years," 81 the best evidence for standard 
of care and new treatments is primarily from 
observational studies. One group of authors" 9 ' 
evaluated 40 DMD patients who were treated with 
corticosteroids in comparison with 34 who were 
not and concluded that lung function stabilization 
constitutes evidence of the beneficial effect of 
corticosteroids on DMD. Similar findings were 
recently reported for patients in Brazil. In our 
study, we included only DMD patients who were 
using corticosteroids regularly and used predicted 
values of pulmonary function as primary endpoints. 
In fact, it has been demonstrated that FVC (in 
°/o of predicted) decreases by approximately 4°/o 
per year in DMD patients. 120 ' In our patients, who 
participated in a 10-month yoga exercise program, 
lung function stabilized (which is, in and of itself, 
a positive effect) and there were increases in FFV 1 
and FVC (both in °/o of predicted). Therefore, 
although our study had no control group, the 
results should be interpreted as evidence that 
yoga breathing exercises have an additive positive 
effect on the lung function of DMD patients 
undergoing conventional treatment. 

One study showed that respiratory muscle 
training can be beneficial to patients with DMD. 12 " 
Despite the lack of studies addressing the use 
of yoga breathing exercises as complementary 
therapy for DMD patients, there have been clinical 
respiratory studies of the topic, although the 
results have been controversial. In a recent 
review of the effects of breathing exercises on 
COPD, 1221 such exercises were found to be effective 
in increasing the six-minute walk distance. In 
contrast, another review showed that yoga had 
no effect on cardiorespiratory variables in asthma 
patients. 1231 However, those two reviews evaluated 
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the effects of yoga in adults. In children with 
asthma, FEV, was significantly increased after 
yoga training, 1241 which included yoga postures 
and breathing exercises. To our knowledge, 
the present study is the first to address and 
confirm the safety and efficacy of yoga breathing 
exercises in children with DMD. The yoga breathing 
exercises used in the present study are unique 
and were chosen because children can learn 
them after only a few sessions and subsequently 
practice them by themselves without the need for 
additional equipment or continuous supervision, 
the exercise program being therefore accessible 
to a large number of patients. During the exercise 
known as kapalabhati, abdominal muscles are 
kept active, working rapidly and vigorously as 
expiratory muscles. Exhalation occurs below 
functional residual capacity and therefore becomes 
active, whereas inhalation becomes passive. This 
is in contrast with what occurs physiologically 
(inhalation being active and exhalation being 
passive). Kapalabhati therefore allows expiratory 
muscle training while the inspiratory muscles are 
at rest. Kapalabhati was the first exercise that the 
children were taught, being therefore the most 
practiced exercise and the exercise that probably 
contributed the most to the results obtained. 
Both uddiyana and agnisara have conditioning 
effects on the inspiratory muscles, the former 
focusing primarily on the intercostal respiratory 
muscles and the latter focusing primarily on the 
diaphragm. 

Our study has strengths and limitations. The 
primary objective of the study was to show that 
yoga breathing exercises can be performed by 
patients with DMD. This hypothesis had to be 
carefully tested, particularly because DMD is a 
progressive, genetic disease, and breathing exercises 
could have deleterious effects on such patients 
(i.e., effects similar to those of overtraining in 
healthy individuals). In fact, the dropout rate 
was high in our sample. Although this might be 
due to difficulty breathing during the exercises, 
we believe that it was probably due to the fact 
that those patients were unable to attend the 
exercise sessions; that is, they had no means of 
transportation. In addition, only a small proportion 
of patients dropped out because they were unable 
to perform spirometry (either because they had 
respiratory problems or because they were unable to 
learn how to perform the exercises). Furthermore, 
there were no significant differences among the 
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patients regarding any of the respiratory variables 
studied. Our study therefore showed that yoga 
breathing exercises are feasible, are harmless, 
and can actually improve respiratory function. 
Although our results clearly show that pulmonary 
function improved in terms of the predicted 
values— meaning that the increase was observed 
compared to each subject— randomized controlled 
studies are needed in order to confirm that. It 
is of note that DMD is a rare, fatal disease, and 
the best evidence for any form of treatment is 
from observational studies. 

In conclusion, yoga exercises are feasible and 
can improve lung function in children with DMD. 
Further studies are needed in order to determine 
whether yoga exercises can improve quality of life 
and reduce the number of hospital admissions 
in such patients. 
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